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ARRANGEMENTS FOR AUTOMATIC 
RE-LEGGING OF TRANSISTORS 

FIELD 

The present invention relates to arrangements for automatic re-legging of 
transistors. 

BACKGROUND 

5 Early in the history of the semiconductor industry, integrated circuit (IC) 

design centers and manufacturers generally designed each generation of silicon 
circuits from scratch. As disadvantages, designing from scratch requires 
tremendous resources (financial costs, etc.) and time (e.g., many man-years), and 
such may now represent unacceptable costs and time-to-market (TtM) product 

10 delays. That is, in today's competitive, fast-changing semiconductor market, IC 
design centers and manufacturers must, for the sake of basic business survival, 
quickly move to "process shift" IC products from one size technology (e.g., 0.18um) 
to the latest deep-submicron sized technology (e.g., 0.1 3um) to provide next 
generation ICs. One way to quickly do this is to reuse existing technology (e.g., 

15 designs) as much as possible to build new silicon systems. 

With regard to viable methods for reuse, several are available. For example, 
a very high-speed IC hardware description language (VHDL) can be used to 
re-synthesize the circuit, or one can reuse an existing design layout and migrate the 

l 
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layout as it is to new process parameters and constraints. Further elaborating, a 
design reuse methodology based on migration employs hard intellectual property 
(IP) design. If reuse of soft and hard IP are compared on a value scale, hard IP is 
superior because all work for verification and simulation have already been done, 
5 and the is already proven as operational in silicon. Such hard IP design will most 
likely work successfully again if carefully migrated to any next sub-micron process. 
As a result, engineering time and talent required for reusing hard IP and migrating it 
to a target process technology will be significantly lower as opposed to building 
from scratch, or even using soft IP. 

10 As a further advantage of hard IP reuse, the IC design centers and 

manufacturers can also use the opportunity to further tweak and optimize a hard IP 
layout during the migration process, e.g, tweak for improved power output, speed 
(e.g.., from 700MHzto 1GHz) and more efficient wafer real estate usage (e.g., 30% 
size reduction). All types of semiconductor circuits and systems can be migrated, 

15 for example, microprocessor cores, digital signal processors (DSPs), data path 
designs, random-access memories (RAMs), read-only memories (ROMs), 
standard-cell libraries, complete chips, etc. 

Based upon the above advantages, the present invention focuses on 
providing improvements in hard IP reuse arrangements (e.g., apparatus and 

20 methodologies) that enable ease and speed in reuse and optimization of hard IP for 
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deep-submicron design., i.e., improvement arrangements for migrating and reusing 
legacy designs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and a better understanding of the present invention will 
5 become apparent from the following detailed description of example embodiments 
and the claims when read in connection with the accompanying drawings, all 
forming a part of the disclosure of this invention. While the foregoing and following 
written and illustrated disclosure focuses on disclosing example embodiments of 
the invention, it should be clearly understood that the same is by way of illustration 
10 and example only and that the invention is not limited thereto. The spirit and scope 
of the present invention are limited only by the terms of the appended claims. 
The following represents brief descriptions of the drawings, wherein: 
FIG. 1 illustrates an example migration arrangement (including an example 
compactor) in simplistic form, such FIG. being useful in explanation and 
15 understanding both background and example embodiments of the present 
invention; 

FIG. 2 illustrates an example migration arrangement similar to FIG. 1 , but 
further including an example automatic re-legging arrangement of the present 
invention in simplistic form, such FIG. being useful in explanation and 
2 o understanding example embodiments of the present invention; 
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FIGS. 3-6 are useful in explanation and understanding of example 
embodiments of the present invention, and illustrate simplistic example virtual 
layouts of an example transistor re-legging operation from original source layout 
through a re-legged layout, compaction and a final migrated layout; 
5 FIGS. 7-14 are useful in explanation and understanding of further features of 

example embodiments of the present invention, and illustrate simplistic example 
virtual layouts of another example transistor re-legging operation from original 
source layout through a re-legged layout; and, 

FIG. 15 illustrates example method steps for automatically implementing 

io re-legging according to an example embodiment of the present invention. 

[IN ORDER TO GUARANTEE CLARITY OF ONES OF THE ORIGINALLY 
SUBMITTED BLACK-AND-WHITE DRAWINGS, ENCLOSED HEREWITH AND 
FORMING PART OF THE ORIGINAL DISCLOSURE OF THIS APPLICATION, 
ARE COLOR COPIES OF ONES OF THE DRAWING FIGS. FOR THE PURPOSE 

15 OF ENHANCING A CLARITY OF THE DRAWINGS UNTIL PROPERLY CROSS- 
HATCHED FORMAL DRAWINGS CAN BE PREPARED; WITHIN SUCH COLOR 
DRAWINGS, PINKISH AREAS REPRESENT DIFFUSION AREAS, REDDISH- 
ORANGE AREAS REPRESENT METAL 1 AREAS, BLUISH AREAS REPRESENT 
POLYSILICON AREAS, YELLOWISH AREAS REPRESENT CONTACTS 

20 CONNECTING DIFFUSION TO METAL, AND BLUISH/PINKISH 
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(POLYSILICON/DIFFUSION) OVERLAP AREAS REPRESENT AREAS WHERE 
ACTIVE GATES OF TRANSISTORS RESIDE.] 

DETAILED DESCRIPTION 

Before beginning a detailed description of the subject invention, mention of 
5 the following is in order. When appropriate, like reference numerals and characters 
may be used to designate identical, corresponding or similar components in 
differing figure drawings. Further, in the detailed description to follow, example 
sizes/models/values/ranges/materials may be given, although the present invention 
is not limited to the same. Well known power/ground connections or other Ics layout 

10 components may not be shown within the FIGS, for simplicity of illustration and 
discussion, and so as not to obscure the invention. Further, arrangements may be 
shown in block or simplistic diagram form in order to avoid obscuring the invention, 
and also in view of the fact that specifics with respect to implementation of such 
diagram arrangements are highly dependent upon the platform within which the 

15 present invention is to be implemented, i.e., such specifics should be well within 
purview of one skilled in the art. Where specific details (e.g., arrangements, 
layouts, flowcharts) are set forth in order to describe example embodiments of the 
invention, it should be apparent to one skilled in the art that the invention can be 
practiced without, or with variation of, these specific details. Finally, it should be 

20 apparent that differing combinations of hardware and software instructions can be 
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used to implement embodiments of the present invention, i.e., the present invention 
is not limited to any specific combination of hardware and software. 

Although a background and examples embodiments of the invention will be 
described in example layouts in the context of example metal oxide semiconductor 
5 (MOS) and very large scale integration (VLSI), practice of the present invention is 
not limited thereto, i.e., practice of the present invention may be made in other 
types of technologies and other types of layouts. 

Turning now to further discussion of reuse technologies, in order to migrate 
an original layout to a new layout, migration tools such as a "compactor" have been 

10 developed, and compactor products/services are offered by companies such as: 
Sagantec North America, located in Fremont, California and found at the website 
www.sagantec.com; and, Rubicad Corp., located in San Jose, California, and found 
at the website www.rubicad.net. Elaborating, a compactor migrates legacy hard IP 
to new more compact hard IP in accordance with predetermined parameters (e.g., 

15 new or target process design rules, and user constraints). 

FIG. 1 illustrates an example migration arrangement 100 (including an 
example compactor) in simplistic form, such FIG. being useful in explanation and 
understanding both background and example embodiments of the present 
invention. More specifically, shown is a source layout 110 fed to a compactor 120. 

20 The source layout 110 can be of any suitable code, for example, a non-exhaustive 
listing including Verilog or VHDL code. The compactor 120 further takes into 



6 



219.39069X00 
P10090 

consideration target process design rules 130 as well as user-specified constraints 
140, and migrates the source layout 1 10 to a migrated layout 150 which is more 
compact and which complies with the inputted rules and constraints. 

Historically, IC design centers and manufacturers initially used a linear 
5 migration or linear shrink method in attempts to scale designs to a latest process 
technology (e.g., from 0.25um technology to 0.18pm). However, the linear 
technique subsequently proved to have limited use, mainly because oftentimes 
operation of smaller-and-smaller (e.g., deep sub-micron) IC structures/components 
do not change in a linear way. For example, in reducing a layout, decreasing line 

10 width results in increased interconnect resistance in the reduced IC, and decreasing 
interline separations results in increased interconnect capacitance. Accordingly, 
oftentimes, power and signal lines need to be adjusted in width and distance during 
migration to solve speed, cross-talk, and power problems. Thus, during migration, 
there may be the need for selective non-linear adjustment of various geometric 

15 structures. 

One geometric structure which may be a candidate for non-linear adjustment 
is that of transistors. More particularly, it has be found that it may be desirable for a 
number of reasons to adjust the size of various transistors being migrated to the 
new layout design. While transistor resizing may involve either downsizing or 
20 up-sizing of transistor size, the present invention will be described in the context of 
transistor up-sizing, although practice of the present invention is not limited thereto. 
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Further, while example embodiments of the present invention are described in the 
context of transistors, practice of the present invention is not limited thereto, i.e., the 
present invention may have uses migrating other types of devices or structures. 

Turning now to a brief description of transistor up-sizing, such may be 
desirable, for example, because, owing to the aforementioned increased 
interconnect resistance and increased interconnect capacitance (from layout 
migration/reduction), a linearly-migrated transistor may have insufficient power 
within a migrated design, unless the transistor is up-sized. That is, since a smaller- 
sized (linear migrated) transistor has lesser power output capabilities, and since a 
further portion of this reduced transistor output power may now be absorbed by 
increased interconnect resistances/capacitances, particular transistors may cease 
to provide sufficient power in a migrated layout when migrated in a linear fashion. 

As a second example, as mentioned previously, often during layout migration 
to the latest ultra-deep-submicron technology, there is a goal to improve an 
operational speed and power output of at least portions of the original layout, so as 
to realize an improved semiconductor chip product and hopefully improved 
operation and sales. Within upper limits, the speed and output power of an 
individual transistor increases generally linearly with the increase in size of the 
transistor. For example, if a transistor is tripled in size, it may be tripled in speed. 

While it may be desired to increase a size of some transistors during layout 
migration, as alluded to above, certain limitations apply with simple transistor 
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resizing (i.e., simple magnifying of the size/structures of the transistor) in that layout 
can accommodate simple transistor up-sizing only up to a certain limit before 
degraded transistor performance and/or failure occur. For example, sub-micron 
technologies of 0.13pm size and below inherently impose strict constraints on the 
5 maximal size of a transistor leg size. For instance, moving from 0.1 3u technology 
to 0.1 Op may require a two times reduction of maximum transistor leg size due to a 
dramatic increase of poly resistance, i.e., growth beyond the leg size limit will 
degrade the speed of the transistor device due to poly resistance. This, in turn, 
may unacceptably degrade the operational speed of the entire migrated IC product. 

10 Still further, if the normal limits of the leg size for the transistor are exceeded via 
excessive simple magnification, layout geometries may overlap neighboring 
structures in the produced semiconductor circuit, which in turn may cause electrical 
failure (e.g., short-circuits and open-circuits). In summary, transistor resizing 
needed is now often more aggressive than the simple transistor resizing allows. 

15 One solution to transistor size limitations is "relegging", by cutting up or 

duplicating the transistors into a plurality of parallel "legs" which thus work in 
tandem so as to effectively resize an original transistor. That is, re-legging is 
advantageous over simple transistor resizing in that it allows much more aggressive 
resizing of transistors, and allows a layout to achieve a transistor performance 

20 attempted to be achieved. Further, re-legging in parallel avoids excessive leg size 
so as to avoid speed degradation due to poly resistance. 
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Another usage of re-legging is to better utilize the area of a migrated layout. 
Assume the case where the pitch of a bit in a data path block must increase in the 
migrated layout due to more data lines passing through it, while the underlying logic 
of the bit does not change. Significant area waste may result because data lines 
now govern the width of the bit. The height is still governed by the underlying 
transistors, which height relates directly to the size of transistor legs. Significant 
area saving could be achieved by trading off height of the bit with its width. 
Re-legging of larger legs helps accomplish this. 

Despite its attractiveness, a problem with re-legging is that it is a complex 
and tedious procedure. More particularly, re-legging involves the smashing of the 
original layout via tremendous art work (layout) changes and the pushing of many 
layout objects to make room for additional legs, ...such is a very slow and tedious 
task. Significant resources (e.g., designers) are required. Thus far, there has been 
very little, if any, development of re-legging tools in the art, for example, while 
compactor tools have greatly matured, there has been no corresponding level of 
development with respect to re-legging tools. Accordingly, at present, any 
re-legging during layout migration is required to be accomplished manually requiring 
significant (unacceptable) resources and delays. Thus, re-legging is done only very 
selectively (only a very few legs) in any migration, if at all. 

Continued and advancing migration of layout into more smaller-and-smaller 
advanced technology comprising smaller feature size is expected to greatly 
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increase demand for enormous device resizing which can be realized only with 
re-legging. This disclosure is directed to realizing arrangements allowing re-legging 
of devices such as transistors in a convenient automatic or algorithmic manner and 
at high speed. More particularly, this disclosure is directed to the development of 
automatic or algorithmic re-legging tools. 

In beginning to introduce discussion thereof, FIG. 2 illustrates an example 
migration arrangement similar to FIG. 1, but further including an example automatic 
re-legging arrangement of the present invention in simplistic form, such FIG. being 
useful in explanation and understanding example embodiments of the present 
invention. That is, FIG. 2 (similar to FIG. 1) illustrates an example embodiment of a 
simplistic migration arrangement 200 according to the present invention, wherein 
the FIG. 1 arrangement has been modified to insert an automatic re-legging 
arrangement 260 between the source layout 110 and the compactor 120. Further, 
it is noted that the automatic re-legging arrangement 260 may be arranged to 
consider information from the target process design rules 130 (as indicated by the 
FIG. 2 dashed arrow 280) and the user specified constraints 140 (as indicated by 
the FIG. 2 dashed arrow 280). 

The automatic re-legging arrangement 260 (as well as any other sub- 
arrangement or re-legging operation discussed ahead), may be provided via any 
hardware and/or software combination. For example, it may be implemented purely 
via hardware (e.g., hardwired circuits), implemented via a hardware/software 



li 



219.39069X00 
P10090 

combination (e.g., an appropriately programmed electronic machine such as a 
computer), or purely as software provided on a machine readable medium. 
Hereinafter, such diverse implementation capability will be implied when 
appropriate, via the simply use of a "(implemented via any hardware and software 
combination)" parenthetical phrase. 

Before continuing discussion with particulars of the 260 arrangement, it is 
useful at this point to graphically illustrate re-legging. That is, turning discussion 
now to FIGs. 3-6, such FIGs.are useful in explanation and understanding of 
example embodiments of the present invention and illustrate simplistic example 
virtual layouts of an example transistor re-legging operation from original source 
layout through a re-legged layout, then compaction and a final migrated layout. 
More specifically, FIG. 3 illustrates a cell or small portion 300 of an original layout, 
which cell contains diffusion areas D, metah areas M1, polysilicon areas P, and 
contacts C connecting diffusion to metal. Three transistors T A , T B , T c defined by 
gate areas are formed within the example FIG. 3, at intersecting areas of 
polysilicon/diffusion. 

During migration of the example cell using an example embodiment of the 
present invention, FIG. 4 shows a re-legged layout 400 where each of the three 
transistors T A , T B , T c have been re-legged to have, for example, three legs (or 
transistors). More particularly, transistor T A has been re-legged into legs T A1 . 3 , 
transistor T B has been re-legged into legs T B1 . 3 , and transistor T c has been 
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re-legged into legs T C1 _ 3 . In addition, an appropriate number of re-legging contacts 
C R have been added between respective legs of each transistor, so as to retain 
proper electrical connectivity. 

To add further clarity/understanding to the above, a FIG. 4 encircled area 5 
is shown in magnified form in FIG. 5 as a magnified re-legged layout 500. More 
specifically, an example transistor T A is more clearly illustrated as re-legged into 
legs T A1 , Tpg, T A3 , and two re-legging contacts C R are more clearly illustrated as 
having been inserted between the legs. 

One interesting aspect to note with respect to FIG. 4, is a comparison 
between the third and fourth re-legging contacts C R from the left. More particularly, 
whereas the fourth re-legging contact is a singular elongated re-legging contact, the 
third re-legging contact has been broken into two shorter re-legging contacts. A 
reason for this is to avoid potential electrical interference (e.g., short-circuiting) 
between the re-legging contacts and a closely neighboring semiconductor structure 
(e.g., a metal M1 edge). A similar situation will become more clearer in connection 
with description of FIG. 12 ahead. 

At this point, it is useful to note that the FIGS. 4-5 re-legged layouts exist 
only in the virtual world as data and images on a display screen. More particularly, 
while the re-legged layout can be defined, for example, mathematically via values, 
vectors, etc. stored in a computer file, and while the re-legged layout can be viewed 
(even in magnified form) on a display screen, the FIGS. 4-5 layout is not a 
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manufacture-able layout in its present form. More specifically, at minimum, the legs 
(e.g., T A1 , T A2 , T A3 ) and the re-legging contacts C R have layout dimensions which 
are either beyond manufacturing capabilities (e.g., accuracy and tolerances), or not 
an efficient layout to provide satisfactory results. In short, the FIGS. 4-5 re-legged 
layout violates design rules and manufacturing capabilities. What is being done 
with such re-legging approach is to build (i.e., force) illegal devices/structures (i.e., 
transistor legs and re-legging contacts) into the source layout, and then have a 
compactor perform necessary corrections, e.g., recognize the illegal 
devices/structures and use its compaction tools both to modify the illegal 
devices/structures into compliant devices/structures, and to adjust the layout so to 
fit the compliant devices/structures into recaptured real estate. More particularly, by 
compliant devices/structures it is meant that the compacted devices/structures 
comply with target process design rules and user-specified constraints, and are 
manufacture-able. 

Continuing the example illustration and discussion, FIG. 6 shows a migrated 
layout 600 wherein the split legs and re-legging contacts (as well as all other 
original devices/structures) have been compacted into a compliant layout. More 
particularly, at minimum, shown are the original three transistors T A , T B , T c , 
compacted into nine migrated transistors T A1 \ T A2 \ T A3 \ T B1 ', T B2 ', T B3 ', T C1 \ T C2 '. 
T C3 \ as well as their corresponding re-legging contacts C R . Thus, the 
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migrated/compacted layout including the transistors and contacts is a manufacture- 
able layout. 

FIGS. 7-14 are useful in explanation and understanding of further features of 
example embodiments of the present invention, and illustrate simplistic example 
5 virtual layouts of another example transistor re-legging operation from original 
source layout through a re-legged layout. More particularly, FIGS. 7-14 will now be 
used to walk through an example embodiment of the present invention wherein 
re-legging operations (prior to compaction) are performed at least partially 
automatically. 

10 More specifically, FIG. 7 illustrates a small cell or portion 700 of an original 

layout, which cell also (similar to FIGS 3-6) contains diffusion areas D, metall areas 
M1, polysilicon areas P, and contacts C connecting diffusion to metal. Five 
transistors T v , T w , T x , T Y , T z are formed approximately at intersecting areas of 
polysilicon/diffusion, and a right-hand portion of FIG. 7 is a simplified version of the 

15 FIG. 7 left-hand portion so as to solely illustrate the active gates of such five 

transistors for clarity. As one non-limiting example, the upper T v , T w , T x transistors 
may represent P-type devices, whereas the lower T Y , T z transistors may represent 
N-type devices. 

As shown in the figures, poly and metal straps connect P and N transistors. 
2 o Since re-legging requires significant exercising of the layout, it may be desirable 
that the straight straps be broken by jogs. Otherwise, the compactor that aims at 
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stretching the layout may stack or improperly compact ones of the structures. FIG. 
8 depicts jogs or bumps J put in between the P and N devices of the cell. Such 
jogs or bumps J may (in the future) already be built in as part of an original source 
layout in situations where possible reuse is anticipated at the time of original layout 
design. Alternatively, the automatic re-legging arrangement 260 may contain a jog 
sub-arrangement (implemented via any hardware and/or software combination) 
which automatically analyzes the source layout and inserts appropriate jogs. 

FIG. 15 illustrates example method steps for automatically implementing 
re-legging according to an example embodiment of the present invention, including 
the above operation. More particularly, the jog sub-arrangement implements jog 
operations with respect to the jog treatment block 1510. As non-exhaustive 
examples, jog locations may be automatically determined taking into consideration: 
the old design rules used to design the original source layout; the user-specified 
constraints 140 (as indicated by the FIG. 2 dashed arrow 290); the target process 
design rules 130 being used to design (i.e., compact) the layout (as indicated by the 
FIG. 2 dashed arrow 280); or, any combination thereof. The automatic re-legging 
arrangement 260 may also, or alternatively, allow a user to manually designate 
locations of individual jogs. As further example embodiments, jogs may be globally 
applied across an entirety of the source layout, or only selectively applied at 
localized sites of transistors which are candidates for re-legging. Further, jogs can 
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be applied before, during or after transistor candidates are selected for re-legging, 
or any combination thereof. 

Once jogs are created, transistors from the original source layout which are 
candidates for re-legging must be selected. More particularly, despite the 
conveniences of the present invention in easily facilitating re-legging, re-legging 
should still be applied somewhat conservatively or selectively, as there is a 
limitation as to how much wafer real estate can be recovered for use for additional 
transistor legs. That is, the compactor can successfully find real estate because 
not all devices are re-legged. As one example embodiment regarding selection, it 
is envisioned that the automatic re-legging arrangement 260 may contain a 
transistor-selection sub-arrangement (implemented via any hardware and/or 
software combination) which automatically analyzes the source layout and selects 
appropriate candidate transistors. 

The transistor selection sub-arrangement implements transistor selection 
operations with respect to the FIG. 15 transistor candidate selection block 1520. 
For example, the transistor-selection sub-arrangement may analyze a lesser level 
of power output expected of a transistor (if linearly migrated) as well as a portion of 
the transistor output power that is expected to be absorbed by increased 
interconnect resistances/capacitances (in the anticipated migrated layout), to make 
a prediction as to whether the transistor (if linearly migrated) would be expected to 
operate adequately (e.g., at a predetermined threshold level). Further, the 
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transistor-selection sub-arrangement may (as indicated by the FIG. 2 dashed arrow 
290) take into consideration the user constraints 140 as to whether a transistor 
should be selected (i.e., flagged) as a candidate for re-legging. For example, user 
constraints 140 may specify a certain area (e.g., output driver area) of the source 
layout which is desired to be enhanced (e.g., for increased speed and/or power) in 
the migrated layout, whereupon all transistors within such area would be selected 
as candidates for re-legging. The automatic re-legging arrangement 260 may also, 
or alternatively, allow a user to manually designate individual or classes of 
transistors as candidates for re-legging. In the present FIG. 7 example, an 
assumed determination is that three out of the five transistors have been selected 
or flagged as candidates for re-legging, i.e., the left-most upper (P-type) transistor 
T v , and the two bottom (N-type) transistors T Y , T z . 

In the present example embodiments, it is the active gate areas where 
re-legging operations are applied. Once transistor re-legging candidates have been 
selected, on occasions, it may be desirable to initially expand the active gate areas 
before re-legging is applied. That is, because the active gate areas may be very 
small making it difficult/inconvenient to apply re-legging, some active gate area 
expansion may be applied in the active gate areas of the transistors selected for 
re-legging. With regard to gate expansion, the automatic re-legging arrangement 
260 may contain a gate-expansion sub-arrangement (implemented via any 
hardware and/or software combination) which automatically analyzes the source 
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layout and expands appropriate gate areas of ones of the transistor re-legging 
candidates. 

The gate-expansion sub-arrangement implements gate expansion 
operations with respect to the FIG. gate expansion treatment block 1510. As non- 
5 exhaustive examples, gate expansion candidates and/or gate expansion size may 
be automatically determined taking into consideration: the old design rules used to 
design the original source layout; the user-specified constraints 140 (as indicated 
by the FIG. 2 dashed arrow 290); the target process design rules 130 being used to 
design (i.e., compact) the layout (as indicated by the FIG. 2 dashed arrow 280); or, 

10 any combination thereof. The automatic re-legging arrangement 260 may also, or 
alternatively, allow a user to stipulate gate expansion candidates and/or gate 
expansion size. As further example embodiments, gate expansion may be globally 
applied for all transistor re-legging candidates, or only selectively applied for a 
lesser number of the transistor re-legging candidates. As a final note, care must be 

15 taken with gate expansion so as not to overlap neighboring layout structures so as 
to maintain proper electrical isolation (i.e., avoid short-circuiting in the final migrated 
layout). With the foregoing in mind, FIG. 9 illustrates a gate-expanded layout where 
all three of the transistor re-legging candidates have expanded gate areas, i.e., T VE , 
T YE , T ZE , whereas the other transistor areas T w , T x do not. Note the difference in 

2 o the size of the gates aimed at re-legging and those that are not. 
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In addition to gate-expansion decisions, it must additionally be decided how 
many legs a transistor should be split into. Several factors affect the decision 
whether to re-leg a single leg, and how many legs a transistor should be split into. 
A non-exhaustive listing of appropriate factors are summarized and described as 
5 follows: 

■ Maximal leg length. Given that technology may restrict the maximum size of 
an individual transistor leg, any leg of transistor re-legging candidates in the 
source layout that needs to achieve some target size exceeding this limit must 
be split into a plurality of legs. 

.0 ■ Achieving 100% up-size in ECOs. When the layout is device-limited, legs can 
hardly grow unless the migration involves extensive downsizing. Even for 
routing limited layouts, it may sometimes also be impossible to reach 100% 
up-sizing of legs. Re-legging of the source layout may alleviate this difficulty. 

■ Pitch matching and area saving. As explained above, re-legging can produce 
L5 efficient layout for migration involving pitch change of bits in data-path blocks. 

In some instances, only devices oriented in data-lines direction may be 
candidates for re-legging. Excessive re-legging may result in overflow of the 
underlying bit layout beyond the bit pitch. On the other hand, poor re-legging 
will not deliver enough area saving. 
20 ■ Evenness of legs. Re-legging consists of splitting an existing leg into a plurality 
of legs. Connecting all drains, sources and gates respectively preserves the 

20 
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connectivity of the new legs. Splitting one leg into three new ones (or into an 
odd number in general) makes the connection of the newly-created legs a much 
simpler task in comparison to a situation where evenness is not maintained. 
The latter case needs to break diffusions, which is generally a hard task. 
5 Therefore, in the present example embodiments, re-legging may be restricted to 
maintain leg evenness, although this may cause some waste of area. 
• Size of leg in source layout. Small legs in the source layout can usually 
absorb larger up-size factors than big ones. Therefore, the re-legging decision 
may advantageously take into account the original leg size and the up-sizing 
10 factor. The target leg size should be designed such that it will not exceed the 
target technology limit. 
Following are example formula which can be used to decide on the number of new 
legs of device, according to example embodiment of the present invention: 
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^ new - Device width in schematics before resizing. 

^ old - Device width in schematics before resizing. 

^ aid - Number of legs realizing this device in source layout 

f - Upsize factor 

W m - Maximal leg size in layout we wish to occur due to re-legging. 
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It is necessary to maintain the evenness of the number of legs, and 
therefore, such a requirement implies that an increase of the leg count must be in 
jumps of 2. Therefore, a correction of the above formula is in order. The actual 
number of legs in the new layout is therefore: 

N^ = N M+ l(N mw -N oU +l)l2\x2 

5 

With regard to applying the example leg-splitting formulas, the automatic 
re-legging arrangement 260 may contain a leg-splitting-calculating sub-arrangement 
(e.g., via any combination of hardware and/or software) which obtains input of, for 
example, the above-indicated parameters, and automatically performs analysis for 

10 each transistor re-legging candidate, to determine a number and parameters of legs 
thereof. The leg-splitting-calculating sub-arrangement implements leg splitting 
operations with respect to the FIG. 15 determination of number of legs for 
re-legging block 1540. As further example embodiments, leg-splitting calculating 
may be performed individually for each transistor re-legging candidate, or 

15 alternatively, upon a predetermined consensus of calculations, calculating may be 
terminated and a majority re-legging leg number globally applied to all transistor 
re-legging candidates (e.g., if a majority (e.g., 60%) of calculations conducted thus 
far almost universally resulted in a three-leg split, then a three-leg split may be 
globally applied). The automatic re-legging arrangement 260 may also, or 
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alternatively, allow a user to stipulate an "X"-leg split for any given transistor 

re-legging candidate. 

Once the number of new legs for each transistor re-legging candidate in the 
layout is found, data (e.g., size) for every leg may be assigned and stored in a 
re-legged layout computer file. In the discussions to follow, it is assumed that it has 
been determined that each transistor re-legging candidate is to be split into three 
legs. 

In beginning leg splitting to create new legs, slots may be first inserted into 
the layout upon gate areas of the transistor re-legging candidates. As one 
example, these slots are put on top of the expanded gates described above. As 
mentioned previously, in order to ease the re-connection of the newly-created 
gates, re-legging maintains the evenness of the legs. Every leg which is candidate 
for re-legging in the present example, therefore, has two slots defined thereon that 
will later cause splitting into three new legs. FIG. 10 is an enlarged view showing 
example illustration of such slots T YS1 , T YS2 and T ZS1 , T ZS2 formed with respect to the 
expanded gate areas T YE , T ZE , respectively, i.e., slot modification of the FIG. 9 
dashed area 10. Notice that, in order to better guarantee a right topology of layout 
and electrical separation of the legs, the slots may extend beyond the area of 
diffusion as illustrated more clearly in FIG. 10's encircled slot extend area SE. FIG. 
1 1 illustrates a non-enlarged slotted layout 1 100 where a pair of slots has been 
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place with respect to each of the aforementioned three transistor re-legging 
candidates. 

With regard to slot placement/sizing, the automatic re-legging arrangement 
260 may contain a slot placement/sizing sub-arrangement (implemented via any 

5 hardware and/or software combination) which automatically analyzes the source 
layout and determines appropriate placement and size of the slots with respect to 
gate areas of the transistor re-legging candidates. The slot placement/sizing sub- 
arrangement implements slot operations with respect to the FIG. 15 slot treatment 
block 1550. As non-exhaustive examples, slot placement/sizing may be 

10 automatically determined taking into consideration: the old design rules used to 
design the original source layout; the user-specified constraints 140 (as indicated 
by the FIG. 2 dashed arrow 290); the target process design rules 130 being used to 
design (i.e., compact) the layout (as indicated by the FIG. 2 dashed arrow 280); the 
location and size of the original or expanded gate areas, or, any combination 

15 thereof. The automatic re-legging arrangement 260 may also, or alternatively, allow 
a user to stipulate slot placement/sizing. As further example embodiments, a 
particular slot placement/sizing may be globally applied for all transistor re-legging 
candidates, or only selectively applied for a lesser number of the transistor 
re-legging candidates. 

2 o Discussion turns next to trimming of poly under the slots and also contact 

preparations. More particularly, once slots are defined by the above procedures, 
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they are mathematically or arithmetically subtracted from the poly-silicon layer. 
Thus, an original normal leg is turned into a plurality of (e.g., three) thin legs 
connected in parallel. Trimming the poly-silicon leaves two uncovered diffusions 
between adjacent legs which is in the source node (and drain node) of two legs 

5 connected together. Assume that the source node is left as uncovered diffusion. It 
then must be connected to the right side of the original leg. In a similar way, the 
right uncovered diffusion, which is now the drain node, must be connected to the 
left side of the original leg. In order to ease this task, seeds of contacts covered by 
metal pads are implanted in the uncovered diffusion area. FIG. 12 shows an 

10 enlarged view with respect to trimming and contact placement/sizing of the FIG. 10 
slots T YS1 , T YS2 . Of particular interest, note that while the two FIG. 12 slots have 
been trimmed unequally in length, i.e., a FIG. 12 left-hand contact C is shorter in 
length that a right-hand contact. A reason for this (similar to the reason as in FIG. 
4) is to avoid potential electrical interference (e.g., short-circuiting) between the 

15 re-legging contacts and a closely neighboring layout structure structure LS (e.g., a 
metal M1 edge). FIG. 13 illustrates a non-enlarged re-legged layout 1300 where 
trimming has been completed and a pair of contacts has been placed with respect 
to each of the aforementioned three transistor re-legging candidates. Finally, FIG. 
14 show an enlarged view of only an upper portion of the FIG. 10 slots T ZS1 , T ZS2 , 

20 for the purpose of showing that, upon subtraction of the slot's extend area SE from 
the poly-silicon layer P, the original leg is split into three legs cleanly isolated by the 
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resultant voided (i.e., subtracted) extend area SE'. The result of all of the foregoing 
is that candidate transistors are re-legged in such a way that gate, source and drain 
connectivity are maintained. 

With regard to trimming and contact preparations, the automatic re-legging 

5 arrangement 260 may contain a trimming/contact sub-arrangement (implemented 
via any hardware and/or software combination) which automatically analyzes the 
layout and determines appropriate trimming and contact placement/sizing with 
respect to slotted/trimmed areas of the transistor re-legging candidates. The 
trimming/contact sub-arrangement implements trimming/contact operations with 

10 respect to the FIG. 15 trimming treatment block 1560 and contact treatment block 
1570. As non-exhaustive examples, trimming/contact determinations may be 
automatically determined taking into consideration: the old design rules used to 
design the original source layout; the user-specified constraints 140 (as indicated 
by the FIG. 2 dashed arrow 290); the target process design rules 130 being used to 

15 design (i.e., compact) the layout (as indicated by the FIG. 2 dashed arrow 280); the 
location and size of the original or expanded base/slot areas, or, any combination 
thereof. The automatic re-legging arrangement 260 may also, or alternatively, allow 
a user to stipulate trimming and/or contact placement/sizing. As further example 
embodiments, a particular trimming directive and determined contact 

20 placement/sizing may be globally applied for all transistor re-legging candidates, or 
only selectively applied for a lesser number of the transistor re-legging candidates. 
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The result of all of the above is a re-legged layout 1300 (FIG. 13) 
automatically determined and outputted from the FIG. 2 automatic re-legging 
arrangement 260, and suitable for input to the compactor 120. As mentioned 
previously, such re-legged layout exists only in the virtual world as data and images 
on a display screen. More particularly, all the above geometric manipulation, 
though creating electrically-correct layout topology, is not in compliance with the 
target process design rules 130. Thus, the re-legging layout 1300 is illegal for 
manufacturing. As mentioned previously, it is the role of a compaction engine to 
return the layout into proper dimensions, obeying all technology rules. 

In initiating summary, the present invention has the following advantages: 

- Can handle any number of re-legging. 

- No smashing is needed, hierarchy is fully maintained. 

- Can be coded in software, thus enabling to automate the entire process. 

- The newly created layout is correct by construction. 

- It enables aggressive speed-up by resizing. 

- It enables to automatically adjust pitch of bits in data-path layout. 

- It enables extensive layout speed-up by resizing, which otherwise could hardly be 
done, or couldn't at all. 

- It will accelerate the ECO process, thus shortening tape-out latency. 

- Will open more opportunities for proliferation and reuse of layout IP. 

- Will enable better area-performance tradeoff. 
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- Will save PD resources. 

As further summary, this invention automates the layout practice of leg 
duplication in layout, while maintaining device leg evenness. The automation may 
be made by three major components: 

- Dedicated software, which preprocess the source layout. 

- Employment of any compactor to resolve DRC violation occurring by above 
preprocesses. 

- Integration in a flow which handles simultaneously the proper adjustment of 
device sizing. 

Finally, to summarize in terms of simplistic language, the present 
invention is basically using an automatic or algorithmic approach and is taking 
an original design implemented in one technology (e.g., 0.18 microns), 
deciding which transistors are candidates for re-legging, splitting the candidate 
transistors while maintaining proper electrical connection (i.e., avoiding short- 
circuits and open circuits and interference overlap with other devices) while 
not necessarily maintaining proper design rules (non-manufacture-able), then 
sending the re-legged design through a "compactor" which will maintain the 
proper electrical connections while at the same time coming up with a design 
which complies with proper design rules, i, e., a valid manufacture-able 
design. 
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In concluding, reference in the specification to "one embodiment", "an 
embodiment", "example embodiment", etc., means that a particular feature, 
structure, or characteristic described in connection with the embodiment is 
included in at least one embodiment of the invention. The appearances of 
5 such phrases in various places in the specification are not necessarily all 
referring to the same embodiment. Further, when a particular feature, 
structure, or characteristic is described in connection with any embodiment, it 
is submitted that it is within the purview of one skilled in the art to effect such 
feature, structure, or characteristic in connection with other ones of the 

10 embodiments. 

This concludes the description of the example embodiments. Although 
the present invention has been described with reference to a number of 
illustrative embodiments thereof, it should be understood that numerous other 
modifications and embodiments can be devised by those skilled in the art that 

is will fall within the spirit and scope of the principles of this invention. More 
particularly, reasonable variations and modifications are possible in the 
component parts and/or arrangements of the subject combination arrangement 
within the scope of the foregoing disclosure, the drawings and the appended 
claims without departing from the spirit of the invention. In addition to 

20 variations and modifications in the component parts and/or arrangements, 
alternative uses will also be apparent to those skilled in the art. 
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For example, while example embodiments (e.g., FIG. 2) have been 
described wherein the automatic re-legging arrangement 260 was provided 
separately and inserted in between the source layout 110 and the compactor 
120, the automatic re-legging arrangement 260 may be provided a differing 
point in any migration process and may be provided as part of the compactor 
120 rather than being separately provided. Further, the FIG. 15 blocks may be 
implemented in an order differing from the order depicted. 

What is claimed is: 
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